Introduction
Mental images allow humans to remember, make decisions, or simulate a possible future (Holmes, Crane, Fennell, & Williams,2007; Pearson, Naselaris, Holmes, & Kosslyn,2015) . In contrast to verbal thoughts, mental images possess multi-modal sensory qualities (i.e., touch, hearing, taste, and smell) (Day,Holmes, & Hackmann,2004) , of which visual is the most common and the most studied modality (Kosslyn, Ganis, & Thompson,2001 ). The person's perspective in the mental image can be from one's eyes, from an observer field, or alternate between the two(D'Argembeau, Van der Linden, d'Acremont, & Mayers,2006) . Mental images have a powerful impact on emotion and can be either positive, negative or neutral in valence (Holmes & Mathews,2010) , as brain systems processing emotions can be activated by mental images as well as real-life events (Holmes & Mathews,2005; Mathews, Ridgeway, & Holmes,2013) .
In patient populations, spontaneous (i.e., not induced) mental images and their links with emotions have been studied in the context of various mental health disorders (Hackmann & Holmes, 2004) . Studies found links between mental images and emotions in social phobia (Hackmann, Clark, & McManus,2000) and depression (Hales, Deeprose, Goodwin, & Holmes,2011; Wesslau, Cloos, Hofling, & Steil,2015) but also in individuals with physical health problems. For example, chronic pain patients who reported pain-related images had higher levels of anxiety and depression (Berna et al.,2011; Gosden, Morris, Ferreira, Grady, & Gillanders,2014) .
Mental images may reflect the present, past or future (Holmes & Mathews,2010) . They can be initiated by sensory cues, thus creating images from episodic memory (bottom-up), which lead to re-experiencing a past event (Holmes & Mathews,2010) . For example, in PTSD, mental images reflect events that happened in the past, whereas mental imagery of chronic pain patients often reflect current sensations (Berna et al.,2011; Gosden et al.,2014) .
Alternatively, mental images can also be voluntary and deliberate (top-down), thus allowing the simulation of a possible future (Pearson et al.,2015) . The valence and frequency of positive images as well as the imbalance of negative and positive mental images, are potential maintaining factors in anxiety (Moscovitch, Gavric, Merrifield, Bielak, & Moscovitch,2011) and depression (Wesslau & Steil,2014) . Depressed individuals appear less able to generate positive mental images about future events than non-depressed individuals (Holmes, Lang, Moulds, & Steele,2008; Morina, Deeprose, Pusowski, Schmid, & Holmes,2011) . The vividness of suicidal flash-forwards in patients with bipolar disorder is linked with the severity of their suicidal ideation (Holmes et al.,2007) , and prospective positive images impact decision-making and goal-directed behaviour (Laing, Morland, & Fornells-Ambrojo,2015) .
Some future events have the particularity that they can be anticipated but stay unpredictable and ambiguous. This is the case with childbirth, an important and stressful life event (Horsch & Ayers,2016) that is often anticipated with joy but also with anxiety or fear (Geissbuehler & Eberhard, 2002; Gepshtein,2010) , and in some cases with extreme fear (Bhatia & Jhanjee, 2012) , which may negatively impact on the childbirth experience and outcomes (Adams, Eberhard-Gran, & Eskild,2012) . However, birth-related mental imagery in pregnancy remains to be studied, and is of particular interest given their potential of impacting on the emotional wellbeing, decision-making, and behaviour. The first pregnancy is an important transitional period during which a mental reorganization takes place that prepares a woman for her future maternal role (Ammaniti, Tambelli, & Odorisio,2013) . During this time, mental representations of the woman as a future mother and those of her future baby, for example in dreams, are formed(Lara-Carrasco, Simard, Saint-Onge, Lamoureux-Tremblay, & Nielsen, 2013) .
The aim of the current study was to (1) investigate the phenomenology of spontaneous childbirth-related mental images of nulliparous women during their third trimester of pregnancy, and to (2) investigate the association between main imagery characteristics (valence, positive/negative percentage ratio, and impact on behaviour and decision-making) and fear of childbirth (FoC). We expected that women with high FoC who see their impending childbirth as a potential threat or danger would not be able to generate strongly positive childbirth-related mental images compared with women with low FoC. Furthermore, we predicted that the impact of birth-related images on behaviour and decision-making would be related to FoC. These questions are important, as they may provide clues for a potential intervention to improve the emotional wellbeing of women during pregnancy and positively influence the childbirth experience and outcomes.
Method

Procedure
A cross-sectional mixed methods design including quantitative and qualitative questions was employed. Recruitment took place between August 2014 and September 2016.
French-speaking nulliparous women in their third trimester of pregnancy and over 18 years old were eligible to participate. Women who had received a prenatal diagnosis of malformation were excluded, as this was likely to influence the content of their spontaneous mental images. The study received ethical approval from the ethics committee of the Canton Vaud in Switzerland (approval number: 215/14). Flyers were available in the waiting rooms and distributed by obstetric and midwifery staff to pregnant women attending routine appointments at the maternity unit of a Swiss University Hospital. Interested women were invited to contact us and had the opportunity to discuss any questions by telephone before giving their written consent. Questionnaires were completed before the interview (time for completion: approximately 30 min), all of which were conducted by the first author.
A total of 41 pregnant women contacted the research team, 40 were eligible (one woman already had a child), 38 agreed to participate, and 37 finally completed the study (one woman gave birth before the interview).
Measures
The Childbirth-related Mental Imagery Interview (CMII) was developed based on previous interviews assessing mental images in other populations (Hackmann et al.,2000; Osman, Cooper, Hackmann, & Veale,2004) and lasted 60-90 minutes. A definition of mental images was given at the beginning of the interview (Day et al.,2004) and an exercise of imagining a lemon was carried out to demonstrate a mental image (Holmes, Lang, et al.,2008; Holmes & Mathews,2005) . The CMII contains three sections assessing the most recent, the most positive and the most negative spontaneous mental images related to impending childbirth. For each of the three identified mental images, participants were asked to describe the content. Then detailed questions concerning different sensory modalities were posed. Participants were then asked about the situational context in which the images appeared, as well as their impact on behaviour and decision-making, and the valence of the image. The point of view (internal/external), the perceived control regarding the image, if the image was voluntary or involuntary produced, and if the trigger was perceived to be internal or external, were assessed.
The Spontaneous Use of Imagery Scale (SUIS) (Reisberg, Pearson, & Kosslyn,2003) contains 12-items to assess the everyday use of mental images. Each item is rated on a 5-point Likert-scale. A higher mean-score signifies more important everyday use of mental images.
This instrument has good psychometrics qualities (Nelis, Holmes, Griffith, & Raes,2014; Reisberg et al.,2003) . For this study, the English version was translated into French using principles of good practice for the translation and cultural adaptation (Wild et al.,2005) . The Cronbach's alpha in the present study was α=.802
The Edinburgh Postnatal Depression Scale (EPDS) (Cox, Holden, & Sagovsky,1987) assesses depressive symptoms in the preceding 7 days and has been validated for pregnant women (Bunevicius, Kusminskas, Pop, Pedersen, & Bunevicius,2009 ). It contains 10 items rated on a 4-point Likert scale, with the total score ranging from 0 to 30. A higher score indicates more severe depression. In pregnancy, a score<10 indicates no depressive symptoms, 10-12 indicates a suspicion of moderate depression, and >12 probable depression (Eberhard-Gran, Tambs, Opjordsmoen, Skrondal, & Eskild,2004) .The French version has good psychometric properties (Guedeney & Fermanian,1998) . The Cronbach's alpha in this study was α=.837
The Trait Anxiety Inventory (STAI-T) (Spielberger, Gorsuch, Lushene, Vagg,& Jacobs, 1983 ) has 20-items assessing the natural tendency of being anxious and of evaluating situations as threatening. Each item is rated on a 4-point Likert-scale. The total score ranges from 20 to 80, with a higher score indicating higher anxiety. The French version has good psychometric properties (Bruchon-Schweitzer & Paulhan,1993) . The Cronbach's alpha in this study was α=.867
The Wijma Delivery Expectancy Questionnaire (W-DEQ A) (Wijma, Wijma,& Zar, 1998) assesses FoC in pregnant women. It contains 33 items rated on a 6-point Likert scale.
The total score ranges from 0 to 165, with a higher score indicating higher FoC: low (<37); moderate (37-65) or high (>65) (Zar, Wijma, & Wijma,2001 ). This scale has good psychometrics properties (Wijma et al.,1998) . The English version was translated into French using principles of good practice for the translation and cultural adaptation (Wild et al.,2005) . The Cronbach's alpha in this study was α=.860
Finally, participants were asked about their age, marital status, and education, as well as obstetric information, such as gestational age, number of fetal ultrasounds so far, preferred/planned mode of delivery, whether they had experienced a perinatal loss or an abortion, or past or present mental health problems.
Data analysis
Quantitative data were analysed with IBM SPSS statistics 22. Analysis of normality (Kolmogorov-Smirnov Test) and equality of variance (Levene's test for Equality of Variance) was done for each variable. Parametric tests were used when the criteria for such tests were met; otherwise non-parametric tests were performed. Pearson correlations assessed possible associations between characteristics of mental images and FoC scores. A content analysis based on the manifest content of the mental images was performed (Graneheim & Lundman, 2004) .
Results
Sample
Thirty-seven pregnant women aged between 24 and 40 years (M=32.0, SD=3.7) participated in the study. Thirty-six (97.3%) were in a couple relationship, and 29 (78.4%) had a university-level education (Table 1) . Ten participants (27.0%) scored highly and 24 (64.9%) moderately for FoC, 6 (16.2%) reached suspicion of moderate depression and 2 (5.4%) scored for probable depression ( Table 2) .
Characteristics of mental images
All participants used mental images in their routine life, as measured by SUIS. During the CMII, all participants reported having at least one positive mental image about their impending childbirth. When considering all childbirth-related mental images they had had, participants reported that 57% of these were positive, 20% negative, and 23% neutral. A positive percentage ratio corresponding to (positive percentage/(negative percentage + neutral percentage) was calculated with a mean of 2.5 (SD=2.6), indicating that overall, positive mental images were more frequent that negative and neutral ones.
Positive mental images:
The most positive childbirth-related mental images concerned three time periods during childbirth: "labour" (e.g.,baby turns inside the womb in preparation for birth) (14%), "when the baby is emerging" (e.g.,mother extracts the baby and puts him on her chest) (21%), and "after the baby is born" (e.g.,first encounter with the baby) (65%). The first time the positive mental image appeared was related to "healthcare aspects of pregnancy" (e.g.,during ultrasound) for 27% of the participants, for 23% it was linked with "non-medical discussions, or images about childbirth" (e.g.,after having watched a video of someone describing their childbirth), for 23% it happened at the "beginning of the pregnancy or while alone thinking about the childbirth" (e.g.,when finding out about pregnancy), and 27% did not remember when the image appeared for the first time.
When women were asked how often their most positive image occurred, the responses were almost equally distributed from "rarely" through to "every time I think about the childbirth". Half of the triggers of these images were categorized as external (e.g.,during meeting with midwife). Half of the participants experienced the positive image voluntarily and the mean valence of these images was extremely high (91/100). The image had an impact on the behaviour in 67.6% of cases (e.g.,women felt motivated to engage in more physical activity). No perceived control over the image was felt in 70.3% of the cases (Table 3) .
Regarding the visual characteristics, the index of sharpness was 70.9/100. Most images were three-dimensional (86.5%) and the point of view of the image was mainly through one's eyes (40.5%). One-third experienced both points of view within the same image (27%). Most images were in motion (86.5%) (Table 4 ) and 43.2% of the images had a sound component (e.g.,baby's cry) (Table 5 ).
Nearly half of the participants had a sensation of touch (e.g.,holding the baby) and one-third had a kinaesthetic sensation of feeling their own body moving (e.g, leaning forward to see their baby). Half of the participants reported internal sensations, such as cold, hunger, or pain. One participant reported a sense of taste and 21.6% of participants experienced a sense of smell linked with the image (e.g.,hospital smell).
Negative mental images:
The most negative childbirth-related mental images concerned four themes: "physical problems of the baby" (32%) (e.g.,umbilical cord is too short and baby cannot breathe), "Labour, pain, and mother's difficulties" (30%) (e.g., pain, tearing, and blood), "Medical procedure" (22%) (e.g.,being cut open for cesarean section), "Others" (11%) (e.g.,placenta taking too long to be expulsed). Two women could not recall any negative mental image. The first time the mental image appeared happened during "nonmedical discussions, or images about childbirth" (e.g.,talking with friends) for 37% of the participants, for 23% it was linked with "healthcare aspects of pregnancy" (e.g.,during birth preparation class), for 9% it was linked with something else, and 31% did not remember when the image appeared for the first time.
When women were asked how often their most negative image occurred, the responses were mainly "rarely" (45.7%) and "from time to time" (31.4%). Triggers of negative mental images were mainly internal (60%) (e.g.,when thinking of the childbirth). Most of the time (57.1%) the negative images were experienced involuntary and the mean valence of the images was high (74.4/100) (i.e., very negative). The image had an impact on the behaviour in 68.6% of cases (e.g.,seeking comfort by husband). No perceived control over the image was felt in 82.9% of the cases (Table 3) .
Regarding the visual characteristics, the index of sharpness was 64.3/100. Most images were three-dimensional (71.4%), the point of view of the image was mainly through observer perspective (60.0%), and most images were in motion (54.3%) ( Table 4) . Half of the images had a sound component (e.g.,machine sounds) ( Table 5 ).
About a quarter of participants had a sense of touch (e.g.,needle in the back). Onethird had a kinaesthetic sensation of feeling their own body moving (e.g.,reaction of pain).
Half of the participants reported internal sensations, such as cold, hunger, or pain but only one participant reported a sense of taste. Finally, three participants experienced a sense of smell linked with the image (e.g.,burned skin).
Correlations between main characteristics of mental images and FoC
Positive mental images. The positive percentage ratio was negatively correlated with W-DEQ A total-score (r=-0.428, p=.005), i.e.,women with a higher proportion of positive mental images had lower FoC. Focusing on the most positive image, the strength of valence of the mental images was negatively correlated with W-DEQ A total score, i.e.,the more positive the image, the lower the FoC (r=-0.533, p=.008). However, the impact of the most positive mental image on behaviour and decision-making was not significantly correlated with W-DEQ A total score (r=-0.105, p=.535).
Negative mental images. The negative percentage ratio was positively correlated with W-DEQ A total score (r=0.428, p=.005), i.e.,women with a higher proportion of negative mental images had higher FoC. Focusing on the most negative image, the valence of the mental images was not correlated with W-DEQ A total score (r=0.154, p=.363). However, the impact on behaviour and decision-making was positively correlated with W-DEQ A total score (r=0.342, p=.038).
Discussion
The first aim of this study was to investigate in detail the phenomenology of spontaneous childbirth-related mental images. As expected, all participants reported having mental images of their impending childbirth. The mental images captured were rich in detail and contained a variety of different sensory modalities. The second aim was to investigate the association between main imagery characteristics and FoC. Our study is the first to show that more positive mental images were associated with less FoC and that women with a higher proportion of negative mental images had a higher FoC. Furthermore, the impact of the most negative mental images on behaviour and decision-making was positively correlated with FoC.
Our study showed for the first time that in a healthy sample of pregnant women, mental images seemed to have a clear impact on reported behaviour and decision-making, as found in other populations (Holmes, Geddes, Colom, & Goodwin,2008; Laing et al.,2015) .
Positive mental images seemed to occur more often than negative mental images. This may be a reflection of the fact that the majority of women in this sample had a planned pregnancy, a favourable socio-demographic and educational background, and low depressive and anxiety symptoms, although 65% of women reported a moderate and 27% a high FoC. Compared with a sample of healthy Canadian pregnant women (Hall et al.,2009) , our proportion of women reporting a low FoC was lower. However, our sample contained only nulliparous women, which was not the case in the Canadian study.
The majority of the most positive future mental images focused on the moment when the mother met her baby for the first time after birth, capturing an experience of happiness and bonding with the baby. This positive anticipation of the arrival of the baby may also be a reflection of the fact that all participants had planned pregnancies. The contents of negative mental images were related to a fear of complications, such as instrumental delivery, pain or obstetrical injuries, all of which are commonly observed in pregnant women (Hanna-Leena Melender,2002) . The content of these negative images may also be partly explained by the fact that our sample consisted of Research from Japan reported that pregnant women found it particularly helpful if midwives during their preparation for childbirth focussed on the positive aspects of labour and childbirth to enhance the expectation of happiness, positive change, and bonding, and less on medical aspects, anxiety, and fears (Gepshtein,2010). So far, few studies have focused on a positive psychological attitude during pregnancy or ways to mentally simulate and prepare for this experience. Confidence in one's own ability to cope with difficult events during childbirth and the ability to adapt one's behaviour (self-efficacy) are negatively correlated with fear in pregnant women and may reduce the risk of postnatal emotional difficulties (Schwartz et al., 2015) . That is why enhancing childbirth self-efficacy expectancy is as important as reducing fears and anxiety about impending labour and childbirth (Lowe, 2000) . Reinforcing positive mental images could be an easy tool to enhance childbirth self-efficacy expectancy and to promote well-being after childbirth.
Positive mental images were mainly seen from one's eyes, whereas negative mental images were mainly seen from the observer perspective, although our study was not designed to detect this statistically. However, this may be of interest, as it has been shown that people with social phobia remembered negative social events from an observer perspective to a greater extent than negative non-social events (D'Argembeau et al.,2006) . So far, no study compared childbirth-related positive and negative mental images regarding their characteristics. Although we did not statistically test this, negative mental images seemed to score lower for many visual characteristics (sharpness, colour, brightness, more often in two dimensions and still) than positive mental images. This may indicate a less important impact of the negative mental images on the emotional well-being of the women in our sample and a more favourable positive bias in this sample (Holmes, Blackwell, Burnett Heyes, Renner, & Raes,2016) . Previous research found that memories for positive events contained more sensory details than memories for negative events (D'Argembeau et al.,2006) . Some participants described that negative mental images were important in order to "test" different possible birth scenarios, whilst at the same time wanting to protect themselves from negative feelings and worries. Negative mental imagery therefore seemed to allow some participants to rehearse less optimal birth scenarios consistent with the idea of mental imagery as a form of mental simulation (Ji, Heyes, MacLeod, & Holmes,2016) . We showed for the first time negative associations between valence of positive mental images and FoC, and ratio of positive/negative images and FoC. As expected, this means that women with high FoC perceive their impending childbirth as a potential threat/danger and have thus difficulties to generate positive mental images. Although this has previously been shown in adults with depression (Holmes, Lang, et al.,2008; Morina et al.,2011) , the link with FoC in pregnancy is novel (particularly given that depression scores were low in our sample), and future studies should explore this in more detail.
Interestingly, we also found for the first time that the impact of negative mental images on behaviour and decision-making was correlated with FoC. This means that imagining a possible negative childbirth scenario has more impact on behaviour when it occurs in the context of FoC, possibly because coping is necessary to manage psychological stress (Lazarus,1993) . In response to negative mental images, women either applied strategies to deal with their resulting negative emotions, such as seeking comfort and reassurance, or strategies to avoid the negative childbirth scenario or to be better prepared should it come true, such as doing exercises to "turn the baby around". These strategies may be classified as emotion-focused or problem-focused coping strategies (Lazarus,1993) . Indeed, no coping strategies are needed when positives mental images appear and less efficient coping strategies are sufficient when there is no FoC.
Limitations of our study included the small sample size and low socio-demographic diversity of our sample, with mainly highly educated women living with their partner. This study has clinical implications, such as developing intervention techniques that focus on enhancing positive childbirth-related mental images during pregnancy, thus increasing childbirth self-efficacy expectancy (Schwartz et al.,2015) and improving the childbirth experience. Furthermore, having the opportunity to discuss childbirth-related mental images with staff involved in antenatal care may help women to discuss potential worries and fears and to put strategies and procedures into place that might help improve their well-being during pregnancy and ultimately their childbirth experience. 
